Hydroxylamine is used in the preparation of hydroxamates. A series of novel bicyclic hydroxamates have recently been discovered that could be useful for treating a broad range of inflammatory disorders.
Introduction
Hydroxylamine is used in the preparation of hydroxamates. A series of novel bicyclic hydroxamates have recently been discovered that could be useful for treating a broad range of inflammatory disorders. 1 Modest levels of hydroxylamine can be toxic to humans, animals, and even plants. 2 Because of its bacteriotoxicity, government regulations have called for waste stream levels for hydroxylamine to be under low ppm level to ensure that local marine species are not endangered. Therefore, development of a sensitive analytical method for the determination of low levels of hydroxylamine is of significant importance from the industrial, environmental and health viewpoints.
Several methods have been reported for the determination of hydroxylamine. Theses include spectrophotometry, [3] [4] [5] indirect potentiometry, 6 polarography, 7 HPLC, 8 biamperometry 9 and gas chromatography. 10 Kinetic methods of chemical analysis are attractive methods for rapid determination of trace amounts of inorganic species. 11, 12 These methods have some advantages including high sensitivity, extremely low detection limit, good selectivity, rapid analysis and inexpensive instruments such as a spectrophotometer or spectrofluorometer. To our knowledge there is no report on the determination of hydroxylamine by kinetic methods.
In this paper we propose a simple, rapid, accurate and precise method for the determination of hydroxylamine. The method is based on the oxidation of hydroxylamine with iodate, followed by the reaction of the produced nitrite ion with neutral red. Hydroxylamine as low as 0.040 µg mL -1 could be determined by the proposed method.
Experimental

Reagents
Triply distilled water and analytical-reagent grade chemicals were used. A 1000 µg mL -1 hydroxylamine stock solution was prepared by dissolving 0.2106 g of hydroxylamine hydrochloride (Merck) in water and diluting to the mark in a 100 mL volumetric flask. A 0.047 mol L -1 iodate solution was prepared by dissolving 1.0000 g of KIO3 (Merck) in water and diluting to 100 mL in a volumetric flask. A solution of 3.46 × 10 -4 mol L -1 neutral red was prepared by dissolving 0.01 g of neutral red (Merck) in water and diluting to 100 mL with water. A 3.0 M sulfuric acid solution was prepared by appropriate dilution of concentrated sulfuric acid (Merck).
Apparatus
A Perkin Elmer Lambda 45 UV/Vis spectrometer was used for recording absorbance spectra. Absorption measurements at fixed wavelength were performed using a Shimadzu Model UVmini-1240V spectrophotometer.
Procedure
All the solutions were equilibrated in a 25˚C thermostated water bath before beginning the reaction.
The reaction was followed spectrophotometrically by monitoring the change in the absorbance at 525 nm. A suitable aliquot of sample solution containing 0.4 -12 µg hydroxylamine was transferred into a 10 ml volumetric flask. The solution was diluted to ca. 6 mL with water. Then 1 mL of 0.047 mol L -1 iodate solution was added followed by 1.0 mL of 3.0 mol L -1 sulfuric acid solution; the mixture was allowed to stand for 5 min at room temperature. Then 2 mL of 3.46 × 10 -4 mol L -1 neutral red solution was added. The stop clock was started just after the addition of the last drop of neutral red. The solution was diluted to the mark with water and a portion of it was transferred into a 1-cm glass cell to measure the decrease in the absorbance of the solution at 525 nm for 0.5 -5 min after initiation of the reaction.
Results and Discussion
Neutral red is an aromatic amine capable of nitrozation. We A simple, precise and accurate method is proposed for rapid determination of trace amounts of hydroxylamine based on the reaction of hydroxylamine with iodate in acidic media. The reaction of neutral red by the produced nitrite ion was used to monitor the reaction spectrophotometrically at 525 nm by a fixed time method. Hydroxylamine in the range of 0.0400 -1.200 µg mL -1 could be determined. The relative standard deviation for 10 determinations of 0.500 µg mL -1 hydroxylamine was 1.81% and the limit of detection was 0.010 µg mL found that its nitrozation reaction is relatively slow and the rate of the reaction is proportional to the nitrite concentration. 13 The reaction of neutral red with nitrite could be monitored spectrophotometrically by measuring the decrease in the absorbance of the solution at 525 nm.
Iodate ion oxidizes hydroxylamine to produce nitrite according to the following reaction:
The produced nitrite ion then reacts with neutral red and causes a decrease in the absorbance of the solution at 525 nm (Fig. 1) . Therefore, hydroxylamine could be determined by measuring the amount of absorbance change at 525 nm by a fixed time.
Effect of variables
To take the full advantage of these procedures, one must optimize the reagent concentrations and reaction conditions. These parameters were optimized by setting all parameters to be constant and optimizing one each time.
The effect of iodate concentration was studied in the range 2.33 × 10 -4 -2.80 × 10 -2 mol L -1 . The results showed that the absorbance change (∆A) increased by increasing iodate concentration up to 2.80 × 10 -3 mol L -1 and remained nearly constant at higher concentrations. Therefore 4.70 × 10 -3 mol L -1 iodate concentration was selected as the optimum concentration. The nitrozation reaction takes place in acid media. Various acids were tested and sulfuric acid was found as the best one. The effect of the concentration of sulfuric acid concentration was studied in the range 1.5 × 10 -3 -1.5 mol L -1 . The results are shown in Fig. 2 . As Fig. 2 shows, the absorbance change (∆A) increased by increasing sulfuric acid concentration up to 0.3 mol L -1 and decreased at higher concentrations. Therefore 0.30 mol L -1 sulfuric acid concentration was used as the optimum concentration.
The effect of the concentration of neutral red was also studied in the range of 1.73 × 10 -5 -1.38 × 10 -4 mol L -1
. The best results were obtained at 6.92 × 10 -5 mol L -1 .
The results showed that the reaction of iodate with hydroxylamine was completed in 5 min. Therefore the solution was allowed to stand for 5 min at room temperature before addition of neutral red solution.
Increasing temperature caused a decrease in the absorbance change. This may be due to the instability of nitrite at higher temperatures. Therefore a 25˚C thermostated water bath was used.
Analytical parameters
The calibration graphs were obtained by a fixed time method under the optimum conditions. The calibration graph was linear in the range 0.04 -1.2 µg mL -1 . The regression equation is ∆A = 1.80 × 10 -3 + 0.304C, with a correlation coefficient of 0.9990, where ∆A is absorbance change of the sample solution at 525 nm for 0.5 -5 min after initiation of the reaction and C is the hydroxylamine concentration in µg mL -1 . To evaluate the precision and accuracy of the method, a series of independent standard samples was used. The results are given in Table 1 .
The limit of detection which can be calculated on the basis of CL = 3SB/m, in which CL, SB and m are limit of detection, standard deviation of blank and slope of the calibration curve, 12 respectively, was 0.010 µg mL -1 .
Selectivity
To study the selectivity of the proposed method, we looked at the effect of various species on the determination of 0.25 µg mL -1 hydroxylamine. An error of ±3% was considered tolerable. The following ions did not interfere at 250 µg mL -1 in the determination of 0.250 µg mL -1 hydroxylamine: NH3, SO4 2- -. The ions SCN -, I -, AsO2 -and SO3 2-interfered in the determination of hydroxylamine. Their interfering effect was completely removed by using an anion exchange resin (Strongbase Cl-form, Merck). Fe 3+ interfered at 25 µg mL -1 .
Application
To evaluate the analytical applicability of the proposed methods, we determined hydroxylamine after addition to water samples. Table 2 100% indicates that there is no serious interference in such water samples.
Conclusion
With the proposed kinetic method, it is possible to determine hydroxylamine at levels down to 0.0400 µg mL -1 in the final solution without the need for any preconcentration step. The proposed method is simple and rapid; it offers good selectivity, accuracy and precision; and it can be applied for the determination of hydroxylamine in water samples. Relative standard deviation (%, n = 5)
Relative error (%, n = 5) Taken Found 
